IRAS 09002-4732 is a poorly studied embedded cluster of stars in the Vela Molecular Ridge at a distance of 1.7 kpc. Deep observations with the Chandra X-ray Observatory, combined with existing optical and infrared surveys, produce a catalog of 441 probable pre-main sequence members of the region. The stellar spatial distribution has two components: most stars reside in a rich, compact, elliptical cluster, but a minority reside within a molecular filament several parsecs long that straddles the cluster. The filament has active distributed star formation with dozens of unclustered protostars. The cluster pre-main sequence population is ≤ 0.8 Myr old and deeply embedded; its most massive member is extremely young producing an ultracompact H II region. The cluster total population deduced from the X-ray luminosity function is surprisingly rich, twice that of the Orion Nebula Cluster. The cluster core is remarkably dense where strong N-body interactions should be occurring; its Initial Mass Function may be deficient in massive stars. We infer that IRAS 09002-4732 is a rare case where a rich cluster is forming today in a molecular filament, consistent with astrophysical models of cluster formation in clouds that involve the hierarchical formation and merging of groups in molecular filaments.
INTRODUCTION

The formation of star clusters
Most stars in the Galaxy are field stars but originate in rich clusters within giant molecular cloud complexes (Lada & Lada 2003) . The mechanisms by which rich clusters form has not been easy to discern. An understanding is emerging that rich clusters do not form monolithically in a single event of gravitational collapse, but rather are produced hierarchically from the merger of small groups that collapse asynchronously in molecular filaments within cloud complexes. Hydrodynamical calculations of star formation under realistic cloud conditions suggest that this hierarchical cluster formation process extending over millions of years, slowed by turbulence and stellar feedback (Bate et al. 2003; Federrath 2015; Vázquez-Semadeni et al. 2017 . Empirical evidence for this picture has been accumulating for this scenario from disparate findings: the ubiquity of turbulence in molecular clouds (Mac Low & Klessen 2004) , the prevalence of filamentary molecular structures (André et al. 2010) , detection of complicated kinematics in filaments including gravitational infall (Schneider et al. 2010; Zhang et al. 2017) , and discovery of spatio-temporal gradients in rich young clusters (Getman et al. 2018a ). The latter phenomenon, unexpected from simple cluster formation models, requires continuing star formation in cluster cores.
But a clear example of a rich cluster − that is, thousands of stars dominated by massive OB stars − in the solar vicinity that is now forming from infalling and merging filaments has been difficult to find. (A young cluster with 1000 members will typically have a star with maximum mass ∼ 40 M ; Popescu & Hanson 2014 .) The Spokes Cluster in the NGC 2264 star forming region at d 0.8 kpc has over a dozen protostars closely associated with dusty filaments, but the dominant star does not form an H II region, the cluster population is only a few hundred stars, and the filaments are < 1 pc in length (Teixeira et al. 2006; Kuhn et al. 2015a) . IC 5146 (= Cocoon Nebula) with d 0.8 kpc is an embedded cluster with young protostars, dominated by a B0 star with several short (< 1 pc) dusty filaments; but its total population does not exceed a couple of hundred stars (Johnstone et al. 2017) . Many more ultracompact H II regions tracing current OB star formation are known at distances 3 − 15 kpc where the greater distance inhibits detailed study (Wood & Churchwell 1989) . Perhaps the most interesting case is W3 Main at d 2 kpc that is a populous, spherical, embedded cluster with at least ∼ 2000 stars and a remarkable concentration of OB stars of different ages in the cluster core (Tieftrunk et al. 1997; Feigelson, & Townsley 2008; Broos et al. 2013; Bik et al. 2014) . A small molecular filament (0.5× < 0.1 pc) has been identified among the W3 Main H II regions and the cluster appears to be fed by several larger dusty filaments several parsecs in length (Tieftrunk et al. 1998; Rivera-Ingraham et al. 2013) .
The most detailed observational examination of star formation in massive clouds has been made in the nearby the Orion molecular cloud complex at distance d 0.4 kpc (Bally 2008; Rezaei Kh. et al. 2018) . It shows that the process of large-scale star formation can be very complicated, extending over tens of parsecs and millions of years.
Current active star formation in the filamentary Orion A cloud is concentrated along its head with projected length 10 pc, such as the protostars are distributed in the OMC 2/3 region, and in the small clusters associated with the Becklin-Neugebauer object in OMC-1 (Johnstone & Bally 1999; Grosso et al. 2005; Megeath et al. 2012) . The present-day molecular cloud is surrounded by thousands of stars, some associated with distinct OB associations and others probably drifted from the current star forming filament (Blaauw 1991; Carpenter et al. 2001; Bouy et al. 2014; Kounkel et al. 2018 ).
Dozens of supernova explosions produced hot bubbles spanning > 100 pc. Smaller clusters formed a few million years ago are still present as coherent structures with proper motions reflecting the motions of cloud components that are now partially or completely dissipated .
The most prominent structure is the Orion Nebula Cluster (ONC), a compact rich cluster of several thousand stars, mostly 1 − 3 Myr old, with a dense central concentration of higher-mass stars known as the Trapezium (Hillenbrand 1997; O'Dell 2001) . However, the molecular cloud structure giving rise to the ONC is now dissipated, so the formation process of the ONC is uncertain.
IRAS 09002-4732: A Laboratory for Rich Cluster Formation
We discuss here IRAS 09002-4732, a young stellar cluster that resembles the ONC − both are associated with a molecular filament several parsecs long − but at an earlier stage of evolution. The principal infrared and molecular studies of the region are by Lenzen (1991) and Apai et al. (2005) . Located in the Vela Molecular Ridge (VMR-A), the stellar population is concentrated in a cluster still embedded in, and likely destroying, its natal cloud. Its dominant star has spectral type around O7 similar to θ 1 C Ori in the ONC but is heavily obscured with A V 20 mag, producing a cometary ultracompact H II region 0.05 pc in extent. In contrast, θ 1 C Ori and its nearby Trapezium stars are unobscured and produce a giant H II region > 2 pc in extent. In both cases, the dominant star is projected close to dense molecular cores (Lapinov et al. 1998) although in the ONC case the star cluster lies in the foreground evacuated H II region. The molecular properties and massive stellar product of the nearby VMR-C molecular region is also similar to the Orion A cloud (Yamaguchi et al. 1999) .
We show in this study that the analogy between the ONC and IRAS 09002-4732 is strong by improving the stellar census of the IRAS 09002-4732 cloud, comparing its properties to other nearby rich young clusters, and demonstrating that it lies within a molecular filament populated by many protostars. Our group encountered this active star formation in the larger elongated structure while constructing the MYStIX Infrared-Excess Source (MIRES; Povich et al. 2013 ) catalog members associated with the nearby RCW 38 rich cluster. Figure 1 shows a wide area of the infrared sky encompassing the RCW 38 and IRAS 09002-4732 regions with MIRES selected stars superimposed.
Our follow-up study found a rich group of 24 candidate Class 0/I protostars in the region 09 h 01 m 12 s < α < 09 • 02 24 and -47:40< δ <-47:45 (Romine et al. 2016) . They lie along a dusty filament seen in Herschel infrared maps that is oriented northwest to southeast, bifurcated by the older IRAS 09002-4732 star cluster. Romine et al. selected the protostars based on UKIDSS JHK and Spitzer 3.6-8.0 µm spectral energy distributions; several also exhibit a 4.5 µm excess characteristic of shocked molecular protostellar outflows (Cyganowski et al. 2008 ). These photometrically selected protostars have a wide range of luminosities with 8 µm brightnesses ranging from 5 to 12 mag. Some are quite massive protostars, but the brightest is two orders of magnitude less luminous than the dominant O7 star of the IRAS 09002-4732 cluster ( §A). Povich et al. (2013) and Romine et al. (2016) thus found active star formation in a molecular filament around the somewhat older (and much richer) IRAS 09002-4732 star cluster, all of which appears younger than the ONC. This motivates further study to characterize the IRAS 09002-4732 region more completely, compare it to other nearby young clusters, and investigate whether empirical insights can emerge view on the birth of ONC-type rich clusters. Our observational effort here starts with an improvement in the stellar census of IRAS 09002-4732, both in its central cluster and distributed in the surrounding molecular material. This is achieved with deep exposures using NASA's Chandra X-ray Observatory, together with complementary infrared surveys. Chandra effectively detects rich pre-main sequence (PMS) populations in star forming regions out to several kiloparsecs in the Galactic Plane primarily due to enhanced magnetic dynamos, and subsequent magnetic reconnection flaring, in fully convective rapidly rotating stars (see reviews by Güdel 2007; Feigelson 2018) . Solar-mass PMS stars are typically 10 2 − 10 3 times more X-ray luminous that the contemporary Sun, and can thus be readily differentiated from most main sequence field stars by virtue of elevated X-ray emission. The flare X-ray spectrum is harder than typically seen in solar flares, so PMS stars can often be detected even if embedded in their natal cloud.
Our group has produced catalogs of >40,000 PMS stars with X-ray and infrared surveys in 40 OB-dominated clusters in massive star forming complexes out to distances 3 kpc (Getman et al. ; Feigelson et al. 2013; Broos et al. 2013; Getman et al. 2017 ). In addition to providing an improved census of PMS members of a star forming region, the X-ray photometry and spectra, together with near-infrared photometry, allow estimates of individual stellar masses, ages, and line-of-sight absorptions (Getman et al. 2010 . We also use X-ray properties as measures of the spatial structure and total population of the PMS populations (Kuhn et al. , 2015a . With this multifaceted characterization of the stellar population produced in a molecular cloud over millions of years, new empirically-based insights into the cluster formation process can be sought. Recent results from some of these X-ray studies are reviewed by Feigelson (2018) .
The X-ray observations of IRAS 09002-4732, together with methods of data reduction and inference of astronomical properties are described in §2. The results of Chandra X-ray imaging and catalog of probable cloud members are presented in §3. Inference of stellar and cluster properties − initial mass function, total population, age, spatial structure and stellar densities − are developed in §4. The final section ( §5) discusses the star formation history of the region, and its role as a young analog of the ONC region. Appendices provide details on the stars in the core of the IRAS 09002-4732 cluster and stellar ages in the nearby rich RCW 38 cluster.
DATA AND ANALYSIS
Three observations of IRAS 09002-4732 were obtained during Chandra X-ray Obervatory Cycle 18 using the Advanced CCD Imaging Spectrometer imaging array (ACIS-I; Garmire et al. 2003) . The 17 × 17 image from four contiguous CCD chips was centered at (α, δ) J2000 = (09:01:55.00, -47:43:46.8) and the total exposure was close to 100 ks. The instrument was operated in Very Faint Timed Exposure mode. Exposure details are provided in Table 1 . Data quality is excellent.
Data analysis closely followed procedures from our earlier projects studying PMS populations (references above), and is briefly summarized here. The suite of ACIS Extract procedures described by Broos et al. (2010) provides very sensitive and reliable identification of faint X-ray sources in Chandra images 1 . 1. A deep catalog of candidate sources is obtained from bumps in a smoothed map of the field based on maximum likelihood deconvolution using the known spatially-variable instrument point spread function. Local background levels are iteratively calculated for each candidate source; this is needed because the three exposures have misaligned roll angles and chip gaps. This candidate source identification procedure is performed on the merged image from the three exposures in Table 1. 2. A global astrometric correction to the pointing direction is made by removing any offset between bright X-ray sources and 2MASS counterparts. This allows sub-arcsecond positional accuracy for on-axis sources.
3. Photons are extracted for each candidate source in small regions scaled to the local point spread function, typically containing 90% of the expected photons. Local background rates are identified and subtracted to give net source counts. The local exposure time is obtained from the merged exposure map.
4.
A variety of X-ray properties are then calculated from the extracted events: net count rate corrected for local exposure time and point spread function tails; source locations with errors depending on off-axis angle and net count rate; probability of source existence based on Poisson distributions for the source and background photon rates; hypothesis tests for variability in the photon arrival times using a Kolmogorov-Smirnov test; and median energy of the net counts.
5. Line-of-sight interstellar extinction to the source is obtained from the median photon energy and an absorption-corrected X-ray luminosity is obtained for each source. These calculations, based on the XPHOT method described by Getman et al. (2010) , are restricted to sources with > 5 − 7 net counts. Cnet, σnet, B, PSF Frac, log P B : Counts extracted in the PSF-shaped polygon for source characterization in the 0.5 − 8 keV band. The total number of extracted counts is Cnet + B where B is the local background counts scaled to the extraction area and Cnet is the net source counts after background subtraction. PSF Frac is the fraction of the local point spread function captured in the extraction polygon. A reduced PSF fraction (significantly below 90%) may indicate that the source is in a crowded region. log P B is the logarithm of the probability that the source is spurious (specifically, that the observed total number of extracted counts will occur in a single trial of the Poisson distribution given the observed background counts B).
Anom: Anomaly flag. "a" reports that photometry and spectrum may contain > 10% cosmic ray afterglow events in the detector. "g" reports that the source spent more than 10% of the observation on dead regions of the detector (principally chip gaps).
Var: Variability flag based on the Kolmogorov-Smirnov test. "..." indicates no evidence of variability. "1" indicates possible (0.005 < P KS < 0.05) variability. "2" indicates very probable variability (P KS < 0.005). Variability can be present within a single Chandra exposure, in the merged Chandra exposures, or between averaged Chandra exposures. Spurious indications can be produced by satellite dithering across dead regions of the detector, or by variations in the background rather than source photon arrival rate. ME: Median energy (in keV) of the background-subtracted photons. 090109.07-474108.4 31.49 ± 0.70 23.60 ± 0.34 · · · · · · · · · · · · · · · · · · · · · 5 090109.56-474426.0 30.29 ± 0.37 22.23 ± 0.30 09010955-4744261 16.91 ± 0.20 15.81 ± 0.14 15.12 ± 0.16 CBC000 0.02
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PRE-MAIN SEQUENCE MEMBERS OF IRAS 09002-4732
3.1. X-ray Sources and Stellar Counterparts Table 2 lists the 1034 candidate X-ray sources in the IRAS 09002-4732 region obtained using the procedures outlined in §2. This candidate X-ray source list is purposefully very sensitive and contains spurious noise features. They are kept here because, in our experience, some of the weaker candidates have clear infrared candidates and are likely PMS members of the region. Spurious noise features, and real X-ray sources associated with background extragalactic objects, will rarely have optical and infrared (OIR) counterparts.
Omitting the handful of X-ray candidates with < 2.0 net counts, this X-ray catalog was matched to four OIR catalogs of point sources 2 : VPHAS+-DR2, Gaia-DR2 in a broad optical band, 2MASS in the JHK near-infrared bands, and Spitzer IRAC in four mid-infrared bands in the range 3.6 − 8.0 µm. In addition we checked the 264 JHK stars listed by Apai et al. (2005) in the inner region of IRAS 09002-4732.
The search radius for finding counterparts from X-ray centroids ( Table 2 ) was chosen to be 1 within the central part of the ACIS field, and 2 for off-axis angles exceeding 4 . Among 1034 Xray candidate sources, 166, 110, 244, and 201 have matches with sources from the VPHAS+, Gaia, 2MASS, and IRAC catalogs, respectively. Taking duplicates into account, 300 of the X-ray candidate sources have OIR counterparts. We have confirmed that the celestial positions of the X-ray sources and 2MASS sources are well-aligned with no measurable (< 0.1 ) systematic offset.
An additional 86 X-ray sources without OIR counterparts are spatially clustered in the central part of the region. The combined sample of the 300 and 86 X-ray sources is given in Table 3 . Table 4 gives a further subsample of 55 non-X-ray disk-bearing stars from Povich et al. located within the Chandra field. These two subsamples are described later in this section.
The total sample of 441 (300 + 86 + 55) young stellar candidates are then subject to three stages of statistical analysis. First, their spatial distribution is segmented into the sum of ellipsoidal isothermal spheres, plus a uniform background population following the methodology of Kuhn et al. (2014) and . This is performed with a maximum likelihood mixture model where the optimal number of ellipsoids is obtained using the penalized likelihood Akaike Information Criterion. Second, the total population of each cluster is estimated from scaling the truncated X-ray Luminosity Function (XLF) to the more complete XLF of the ONC, as described by Kuhn et al. (2015a) . Third, the age of each stellar cluster is estimated in two fashions: Age JX chronometer for PMS stars that uses absorption-corrected X-ray luminosities and J magnitudes ; and the traditional Age ri chronometer based on the optical color-magnitude diagram.
Cautions on the completeness and reliability of this catalog of X-ray selected sources are needed:
1. All OIR catalogs in the central region of IRAS 09002-4732 are subject to spatially variable nebulosity from the H II region and dense dusty molecular filaments (Apai et al. 2005 ). This gives patchy catalog coverage even from uniform OIR surveys such as VPHAS+, 2MASS and UKIDSS. These problems are evidenced in the low quality detections or nebular contamina-tion reported in 2MASS quality flags. More complete OIR coverage would give additional counterparts to the candidate X-ray sources 3 .
2. In the X-ray band, the central 10 − 15 of the cluster suffers reduced exposure due to the 11 physical gaps between the CCDs of the ACIS-I array. These are shown in the blue outlines of the chips in Figure 1 . This is partially overcome by the 16 Lissajous-shaped dithering pattern of the satellite aspect system (Chandra X-ray Center 2018). For the sum of the three observations in Table 1 , the resulting effective exposure in the inner few arcseconds of the cluster is roughly half that of the rest of the region, resulting in a localized deficit of sources in the innermost cluster core.
3. Random Galactic field stars or extragalactic sources can lie within 1 −2 radii of X-ray sources.
Based on simulations of contaminant populations for the MYStIX Chandra observation of the nearby RCW 38 cluster, ∼ 200 of the 1034 candidate X-ray sources ( Table 2) are likely true Xray sources unrelated to the IRAS 09002-4732 star forming region ). However, the majority are quasars extremely faint in the OIR bands (particularly after extinction by cloud material) and will not appear in our list of likely pre-main sequence members. Following the SFiNCs analysis of Getman et al. (2017) involving shifts of the ACIS field in different directions, we estimate that ∼ 8% of the OIR counterparts are stellar contaminants, consistent with the simulations of Broos et al.
Fifty-five infrared sources undetected in X-rays that lie within the Chandra IRAS 09002-4732 field, typically having seven bands of photometry from 2MASS and Spitzer IRAC, were identified in the MIRES catalog of Povich et al. (2013) as sources with spectral energy distributions indicative of disk-bearing PMS stars; these are listed in Table 4 . The criteria selecting these objects from the vast majority of older stars in the infrared catalogs is stricter than usually applied in studies of nearby young stellar object populations to reduce contamination by the many dusty red giants that contaminate deep surveys in the Galactic Plane. Twenty-one of these sources have infrared spectral energy distributions characteristic of protostars, denoted Stage 1 by Povich et al. The MIRES protostars in the IRAS 09002-4732 vicinity have a distribution of 2 − 8 µm luminosities similar to the typical protostars in the Orion cloud; but this distribution is missing a high-luminosity tail seen in Orion (Megeath et al. 2012) . Figure 2 is an 'X-ray color-magnitude diagram' that provides information about the reliability of the 1034 X-ray candidate sources. The red and green symbols show sources with ≥ 4 net counts in the ACIS image which, in most cases, is a statistically significant X-ray source. From experience with X-ray color-magnitude diagrams from the MYStIX and SFiNCs surveys Broos et al. 2013; Getman et al. 2017) , the sources shown in red with OIR counterparts are expected to be PMS members of the region. The green hard-spectrum sources without OIR counterparts are composed of both contaminant populations (extragalactic and Galactic) and PMS stars; in the latter case, the stars are missing from the OIR catalogs due to H II region nebulosity and/or heavy cloud extinction. (Note that PMS stars with X-ray median energies ranging from 2.5 to 5 keV will have K band extinctions ranging from ∼ 1 to ∼ 10 mag; Getman et al. 2010 .) Among the sources with 2 − 4 net counts, the majority of cyan ones are likely PMS stars while the yellow ones are either spurious noise fluctuations from the X-ray image or contaminant populations. From this analysis, we conclude that the X-ray membership sample is likely to include several spurious sources (cyan symbols) and miss some real members (green symbols). These deficiencies can be alleviated if deeper X-ray and high-resolution infrared images of the 17 × 17 region are obtained.
The spatial distribution of all X-ray sources detected in the IRAS 09002-4732 field is shown in Figure 3 superposed on a 250 µm map of the cool dust from the Herschel-SPIRE instrument. The four panels show subsamples using the same color scheme as in Figure 2 . The left panels show X-ray candidate sources with OIR counterparts, while the right hand panels show sources without counterparts. The upper left panel shows the reliable subsample of stronger X-ray sources (> 4 net counts) with OIR counterparts include sources both concentrated toward the center of the rich cluster and distributed widely around the molecular cloud. The lower left panel showing tentative X-ray sources with OIR counterparts (cyan) have a similar spatial distribution, suggesting they are mostly real members. The candidate X-ray sources without OIR counterparts are shown in the right panels of Figure 3 ; the top panel has sources with > 4 net counts and the lower panel has sources with 2 − 4 net counts. Two distinctive spatial groups are present: several dozen X-ray sources are densely concentrated in the cluster core, while most are scattered uniformly across the ACIS field. A random distribution is expected from background quasars or spurious noise sources. The concentrated group most likely reveals true members of the PMS cluster despite the absence of OIR counterparts or high statistical significance in the X-ray image. We find a concentration of 86 X-ray sources without OIR counterparts projected within a chosen radius 1.5 of a central location at (α, δ) = (135.47435 • , −47.72820 • ). This corresponds to a cluster with diameter 1.5 pc; this encompasses the molecular cores, infrared reflection nebulosity, and many of the infrared-excess stars identified by Apai et al. (2005) .
The IRAS 09002-4732 Member Sample
For the present study, we construct a sample of 441 probable stellar 'members' of the IRAS 09002-4732 region as the union of three subsamples:
1. 300 candidate X-ray sources with > 2 X-ray net counts that have a counterpart within 1 -2 in any of the four OIR catalogs, listed in Table 3; 2. 86 candidate X-ray sources with > 2 X-ray net counts that lie projected against the central part of the cluster (a circle with diameter 1.5 pc) and lack an OIR counterpart, also listed in Table 3; 3. 55 members of the MIRES catalog with infrared excesses located within the Chandra field that lack X-ray counterparts, listed in Table 4 .
The two subsamples based on candidate X-ray sources are numbered sequentially 1−386 by increasing right ascension in Table 3 . The infrared selected subsample is numbered sequentially 387 − 441 in Table 4 . The spatial distribution of IRAS 09002-4732 members is placed into a wider context in Figure 1 that includes both the IRAS 09002-4732 region and the MYStIX target H II region RCW 38 to the west. MIRES disk-bearing candidates from Povich et al. (2013) are shown as cyan (Class II/III) and red (protostars) symbols. Recall that both RCW 38 and IRAS 09002-4732 have bright infrared nebulosity from H II region emission lines and heated dust; this considerably reduces the sensitivity of the infrared surveys causing the MIRES infrared-excess catalog to be very incomplete. Figure 4 . Spatial distribution of 386 X-ray selected PMS members coded by disk infrared emission as an indicator of stellar age: disk present (red symbols); disk absent (green); and undetermined (cyan).
Star formation along the molecular filament
Examination of Figure 1 immediately reveals that the spatial distribution of the MIRES stars, selected to have infrared spectral energy distributions consistent with low-mass protostars, is strongly elongated along a northwest-southeast axis (approximately along P.A. 110 • East of North). The northwest direction points toward the large RCW 38 cloud, and the southeast direction is along a thin dusty filament with a small cloud condensation a few arcminutes outside the Chandra field of view. This strongly suggests that current star formation is concentrated along a filament several parsecs long. On a smaller scale of 0.5 − 1 parsec around the IRAS 09002-4732 cluster core, the VLT-ISAAC JHK image presented by Apai et al. (2005) shows dense obscuring cloud structure along the same northwest-southeast axis.
A similar spatial trend is present in the ages of X-ray selected members, as inferred from the presence or absence of an infrared-emitting inner circumstellar disk. Recall that X-ray selection of PMS stars is largely independent of disks, as it arises from magnetic reconnection flares. Figure 4 shows the 386 ACIS sources with colors representing the presence of disk emission in the spectral energy distributions obtained from 2MASS JHK and Spitzer IRAC 3.6 − 8.0 µm photometry. A disk is inferred to be present when the infrared power law slope exceeds −1.9 (Richert et al. 2018 ). The disk-bearing stars show a clear tendency to lie along the northwest-southeast axis, while the disk-free or undetermined cases (due to inadequate infrared photometry in the nebular region) exhibit a more spherical distribution.
The MIRES stars in the filament are not strongly concentrated into groups or clusters, but rather appear to be reflect a condition of distributed star formation. This differs from other situations in the massive MYStIX star forming regions where embedded small clusters are common in the vicinity of a revealed rich cluster Getman et al. 2018a ). There are other cases where infrared-excess stars are mostly found in groups, such as the large InfraRed Dark Cloud G53.2 at a distance similar to IRAS 09002-4732 (Kim et al. 2015) . As mentioned in §3.1, we apply a statistical procedure developed by Kuhn et al. (2014) for identifying stellar clusters in two-dimensional spatial point distributions. The method is based on maximum likelihood estimation of a mixture model where, instead of the usual Gaussian shape, we assume each cluster can be represented by an isothermal ellipsoid with a central surface density σ 0 , core radius r c , ellipticity , and orientation θ. The ellipticity is defined to be (a − b)/a where a and b are the major and minor axes respectively. The optimal number of clusters k of the model is obtained by maximizing the Akaike Information Criterion, a widely used penalized likelihood measure for selecting parsimonious models. Ellipsoidal components can be disjoint, overlapping, or with a small component encompassed within a larger one.
Identifying clusters
The best fit model for the 441 spatial distribution of X-ray and infrared selected members of the IRAS 09002-4732 region ( §3.2) is shown in Figure 5 . The majority stars are members of a compact cluster centered at (09 h 01 m 54.2 s , -47 • 43 48 ). This is 23 north of the dominant O7 star and the radio continuum peak, lying between dense filaments S2 and S3 that obscuring the cluster center (Apai et al. 2005 , and Appendix A below). This cluster has major and minor axis core radii 0.08 × 0.14 pc ( = 0.43) with θ = 143 • east of north. The remaining stars are members of a more elongated, and lower density cluster centered at (09 h 01 m 53.7 s , -47 • 44 16 ). This cluster has major and minor axis core radii 1.45 × 0.23 pc ( = 0.84) with θ = 111 • . Judging from the results of the SFiNCs Monte Carlo simulations (Getman et al. 2018b, their Figure 5 ), the formal fractional errors on the inferred cluster core radii and ellipticities in IRAS 09002-4732 should not exceed 20%. The elongated cluster component clearly delineates the findings in §3.3 that star formation is concentrated in a northwest-southeast molecular filament §3.3. There is no statistically significant substructure in either grouping, and there is no significant uniformly distributed unclustered stellar population from an earlier generation of star formation.
The central surface density of the compact cluster is ∼ 20 times higher than the elongated cluster but its spatial extent is smaller. It is thus difficult to decide on their relative populations, or to assign specific stars to one or the other component. We roughly estimate that 80% of the stars belong to the compact cluster and 20% belong to the protostellar population.
PROPERTIES OF CLUSTERS AND INDIVIDUAL STARS
Distance
Historical estimates of the distances to Galactic Plane star forming regions typically vary considerably. For IRAS 09002-4732, Lenzen (1991) adopts 1.8 kpc, Ghosh et al. (2000) have a best-fit of 1.4 kpc to the embedded O7 star, and Apai et al. (2005) assume 1.3 kpc. Our MYStIX project assumed 1.7 kpc for RCW 38 following the review by Wolk (2008) . But today, for a small fraction of member stars that are sufficiently bright in the optical band, the DR2 catalog of ESA's Gaia satellite provides direct measurements of parallactic distance (Gaia Collaboration et al. 2016 , 2018 .
Gaia parallaxes to PMS members of IRAS 09002-4732 and its neighboring RCW 38 cluster are shown Figure 6 , restricted to stars with parallax errors less than ∼0.1 mas and ∼0.13 mas for the two regions respectively. The sample includes 18 members of RCW 38 from the MYStIX Probable Complex Members ) and 20 members of IRAS 009002-4732 identified here. The parallax distribution appears to have outliers, perhaps due to contamination by nebulosity. A concentration is seen around 0.55 − 0.60 mas corresponding to 1.7 − 1.8 kpc. For consistency with our MYStIX study, we adopt a distance of 1.7 kpc for this study. The IRAS 09002-4732 cluster is known to be highly extincted: the stars and emission nebulosity is obscured by dense dusty filaments and globules with characteristic obscuration around A V 20 mag, individual PMS stars exhibit extinction ranging from A V 3 to 30 mag, and a 9.7µm absorption feature in the ultracompact H II region corresponds to A V 20 mag (Apai et al. 2005 ). Lenzen (1991) infer a higher absorption of A V > 45 mag, and possibly A V > 70 mag, from the spectral energy distribution of the dominant O7 star.
Extinction
X-ray emission in the Chandra 0.5−8 keV band is sensitive to line-of-sight absorption by interstellar material. Here the effect is mostly due to bound-free photoionization of gas-phase metal atoms, not to scattering and absorption effects of solid grains as in the OIR bands (Wilms et al. 2000) . Getman et al. (2010) have calculated a conversion between this absorption of softer X-rays and the observed median energy of a PMS star, assuming a typical PMS flare spectrum and the spectral response of the Chandra mirror and ACIS detector, giving estimates of hydrogen column densities log N H for individual X-ray sources (Table 3 ). Most stars lie in the range 21.8 < log N H < 23.3 cm −2 with median value of 22.4 cm −2 . Adopting a gas-to-dust ratio N H /A V = 2 × 10 21 cm −2 mag −1 (Zhu et al. 2017) , this corresponds to a range of 3 A V 100 mag with median value A V 13 mag. The absorption to the X-ray selected IRAS 09002-4732 members exhibits a strong spatial gradient shown in Figure 7 . The right panel shows an adaptively smoothed map of the mean Median Energy values 4 . Stars on the periphery of the Chandra field, with projected distances exceeding ∼ 1 pc show typical absorptions around A V 10 − 20 mag, considerably lower than stars concentrated in the cluster center that reach A V 50 mag. We provide age estimates for individual stars using two different chronometers for subsamples of the IRAS 09002-4732 stellar population:
Age
1. Getman et al. (2014) presents the Age JX estimator for individual PMS stars based on absorption-corrected X-ray luminosity, dereddened J magnitudes, distance, and standard PMS evolutionary tracks (Siess et al. 2000) . As this requires both high-quality X-ray and near- infrared photometry, it can be calculated for only 22 stars located around the central cluster. For this subsample, the median age is Age JX = 0.8 Myr.
2. Forty-five stars with low absorption that are dispersed around the central cluster have optical band photometry from the VPHAS+ survey. Their r 0 vs. r 0 − i 0 color-magnitude diagram is shown in Figure 8 along with the Siess et al. (2000) tracks and their spatial distribution. Here we see a range of ages from < 0.1 Myr to 3 Myr with median around 0.7 Myr. Some of these are widely distributed and others probably lie in the molecular filament; stars in the cluster core are underrepresented due to difficulties of high obscuration and bright nebulosity.
We thus estimate an average age of 0.8 Myr for the central cluster of IRAS 09002-4732 with a range of < 0.1 to ∼ 3 Myr for individual stars. The protostars distributed along the molecular filament are undoubtedly younger, and it is reasonable to assign them an age around 0.1 Myr.
Many young clusters exhibit an age gradient in Age JX in the sense that the cluster cores appear younger (that is, formed stars later) than the peripheries of the clusters (Getman et al. 2018a ). There is some evidence for this from Figure 4 where the older disk-free stars (green symbols) are more widely distributed than the concentrated cluster. However, due to nebulosity and obscuration, insufficient infrared photometry is available in the central region to check whether the disk fraction is higher in the cluster core.
Total stellar population
The X-ray luminosity functions (XLFs) of young (t ≤ 5 Myr) PMS populations show no apparent variation between different star forming regions, exhibiting shapes consistent with the ONC where the full population is nearly entirely detected with very high sensitivity from the 838 ks observation of the Chandra Orion Ultradeep Project. The truncated XLF of a distant region observed with short Chandra exposures can therefore be calibrated to the ONC's complete XLF to obtain the total stellar population (in units of ONC's population). This procedure is described and applied to 16 major star forming regions by Kuhn et al. (2015a) .
The results for IRAS 09002-4732 are shown in Figure 9 . The solid histogram shows the distribution of total-band (0.5-8 keV), absorption-corrected X-ray luminosities for 839 lightly-obscured (log N H < 22.0 cm −2 ) stars with spectral types cooler than B4 from the Chandra Orion Ultradeep Project . These are the log L t,c values for the the 'lightly obscured cool stars' in Table 1 of Feigelson et al. (2005) . The dashed histogram shows the distribution of L X values for the 386 IRAS 09002-4732 Chandra stars. The sample becomes incomplete below log L X 31.0 erg s −1 , but the region clearly has more X-ray stars with log L X ∼ 31 − 32 erg s −1 than the ONC.
A maximum likelihood fit to a power law distribution for log L x ≥ 31.0 erg s −1 with slope 0.9 gives a normalization factor of 2.3; that is, the IRAS 09002-4732 region shown in Figure 4 contains more than twice the unobscured population of the ONC. If the ONC has an estimated population of 2600 stars down to the stellar limit of 0.08 M (Kuhn et al. 2015a) , then the IRAS 09002-4732 region has ∼ 6, 000 stars. If we adopt a relative 80%-20% populations of the two ellipsoidal structures discussed in §3.4, then the total population of the main cluster is ∼ 5, 000 stars and the total population of the younger component in the molecular filament is ∼ 1, 000 stars within the Chandra field of view.
DISCUSSION
Comparison with Other Rich Young Clusters
The central IRAS 09002-4732 cluster resembles other rich MYStIX clusters modeled by . It shows morphology, population similar to RCW 38, Trumpler 14 in the Carina complex, NGC 6616 in the Eagle Nebula, and the ONC in the Orion complex. All of these clusters have several thousand total stars and exhibit a core-halo structure where the central isothermal ellipsoidal component has core radius r c 0.1 pc. IRAS 09002-4732 differs from the others in three respects:
1. The ellipticities of both the core and halo components in IRAS 09002-4732 are higher than in the other clusters where core ellipticities are 0.3 (rather than 0.43) and halo ellipticities are 0.5 (rather than 0.84).
2. IRAS 09002-4732 is more heavily absorbed than the Carina, Eagle and Orion clusters with A V reaching ∼ 50 mag in the cluster core compared to A V < 5 mag for the other cases. Only RCW 38 shows similarly high absorption.
3. Except for RCW 38, IRAS 09002-4732 is younger than the comparison clusters with Age JX ∼ 0.8 Myr compared to a more typical Age JX ∼ 2 Myr. Appendix B presents new evidence that RCW 38 has a very young age similar to IRAS 09002-4732.
IRAS 09002-4732 and RCW 38 thus resemble some of the richest young stellar clusters in the nearby Galactic Plane but seen at an earlier stage of evolution with less time for dynamical equilibration (hence higher eccentricity) and less time for destruction of the molecular environment (hence higher absorption). This latter effect is also reflected in the size of the ionized H II region: Orion and Eagle (Apai et al. 2005) 5 . Table 5 provides a more quantitative comparison of the IRAS 09002-4732 stellar population to the Orion Nebula Cluster region. As outlined in §1, the Orion region has motivated much of the astrophysical discussions of cluster formation (Krumholz et al. 2019; Vázquez-Semadeni et al. 2019) . Combining the ellipsoidal structural parameters obtained in §3.4 above with the estimates of total population in §4.4, cluster physical parameters can be derived following Kuhn et al. (2015a,b) . The quantities compared are: a characteristic radius r 4 = 4r c in units of pc, roughly corresponding to the projected half-mass cluster radius; the total stellar population within this radius, n 4 ; the stellar surface density Σ 0 within this radius in stars pc −2 ; and the central stellar density ρ 0 within this radius in stars pc −3 . In Table 5 , the Orion Nebula 'Cluster core' corresponds to the small and dense Trapezium component, the 'Cluster halo' corresponds to the main portion of the ONC, the 'Protostars' corresponds to the north-south molecular filament pointing towards the OMC-2/3 star forming region. (A fourth elliptical component corresponding to the Becklin-Neugebauer/Kleinman-Low protostellar cluster in the OMC-1 cloud behind the ONC is omitted here.)
As with our preview examination, Table 5 shows that the IRAS 09002-4732 cluster is richer, more embedded, and younger than the ONC. Its core radius is intermediate between the ONC Trapezium and ONC halo components. The inferred central star density is thus extremely high, ρ 0 1.5 × 10 5 stars pc −3 . This is similar to the central density inferred for RCW 38, ρ c 2 × 10 5 stars pc −3 (Kuhn et al. 2015b ). If the ONC Trapezium experienced close stellar encounters and dynamical ejections, as suggested by (Pflamm-Altenburg & Kroupa 2006 ) based on its anomalous mass function, then similar stellar interactions may be present in IRAS 09002-4732 today.
Both the IRAS 09002-4732 and ONC rich clusters have substantial ellipticity, with the former around 0.6 = 0.7 and the latter around 0.3−0.5. But their associated protostellar populations have even higher ellipticities ( 0.8 − 0.9); these spatial distributions can be considered to be 'filamentary' (Getman et al. 2018b) . And in both cases, the protostars are embedded in filamentary molecular cloud structures. This contrasts with older rich clusters, such as NGC 6231 and NGC 2244 in the Rosette Nebula (Kuhn et al. 2015b) , that are much larger and nearly spherical. Gaia proper motions show that these (and other) young clusters are dynamically expanding from an earlier compact state .
The physical properties of the central cluster of IRAS 09002-4732 ( §4) can also be compared to the full sample of MYStIX (sub)clusters by placing it on the bivariate scatter plots shown in Figure  1 of Kuhn et al. (2015a) . For some properties, the central cluster follows trends of young age, high absorption, small radius, and high central star density. But it has an unusual combination of other properties. Trumpler 14 in the Carina Nebula and NGC 6611 in the Eagle Nebula are nearly as rich as IRAS 09002-4732, but they are older and less absorbed with core radii several times larger and consequently much lower central star densities. In the case of NGC 6611, there is clear evidence of kinematic expansion from a more compact morphology from analysis of Gaia proper motions . The core of RCW 38 is the closest match to the IRAS 09002-4732 central cluster with similar high population, young age (Appendix B), small radius, and high central star density. We also note that M 17 is very rich and centrally condensed, but its morphology is 'clumpy' without a single component that dominates the population.
We can also seek analogs to IRAS 09002-4732 based on the early evolutionary stage of its H II region. The ultracompact H II region requires that its most massive member is extremely young and/or just recently encountered the molecular environment. Most heavily obscured young clusters have relatively large H II regions such as the less rich W 40 (Rodney, & Reipurth 2008) and the Flame Nebula (Bik et al. 2003) with ∼ 1 pc extent of the ionized radio continuum region. But W3-Main is a rich older cluster with a remarkable assemblage of HII regions ranging from hypercompact ( 0.003 pc) to giant ( 0.5 pc) in size (Tieftrunk et al. 1997; Feigelson, & Townsley 2008; Bik et al. 2014) . Collectively, the evidence suggests that massive star formation can occur over a long timescale but is sometimes delayed until after most lower mass stars have formed and assembled into a cluster.
In summary, seven very rich young stellar clusters are present in the nearby Galactic Plane: the ONC, Trumpler 14, NGC 6611, M 17, W3 Main, RCW 38, and IRAS 09002-4732. Some have very dense cores with 10, 000 stars pc −3 while others more extended, likely expanded from a more compact state. IRAS 09002-4732 and RCW 38 represent the earliest stage of evolution with the highest absorption and youngest stars.
Implications for star cluster formation
First seen in large-scale CO maps of the Orion complex clouds (Bally et al. 1987; Uchida et al. 1991) , filamentary molecular structures are now found on many scales throughout the interstellar medium. The Snake Nebula is an isolated sinuous cloud 30 pc long with a hierarchy of dense cores on scales 0.1 − 0.01 pc (Wang et al. 2014) . Regions in Aquila Rift are composed of a networks of filaments (Moriguchi et al. 2001; Kusune et al. 2016) . The emission line nebula of IRAS 09002-4732 is partly obscured by dark filaments with characteristic lengths around 0.5 pc and widths around 0.05 pc with scattered small dark globules within (Apai et al. 2005 , see Figure 10 below, lower right panel). Typically some filament concentrations are undergoing gravitational collapse with protostars within while other concentrations are currently stable.
Hydrodynamical models of star formation in realistically turbulent molecular cloud cores show that filaments form quickly, undergoing fragmentation into cores that form small groups of stars (Bate et al. 2003; Federrath 2015; Vázquez-Semadeni et al. 2017 . These groups are dragged into the center of the cloud gravitational potential well as the gaseous filaments infall and merge. In early calculations lasting 1 Myr, the stars of different ages are efficiently mixed into a homogeneous, quasi-spherical cluster (Bate et al.) . But our empirical research shows that rich clusters show a strong spatial age gradient on timescales of ∼< 0.5 to 5 Myr, requiring that star formation continue in the cluster cores after cluster formation (Getman et al. 2018a) . Some later calculations can explain this effect through a hierarchical filament merging process, combined with stellar feedback, continuing over millions of years (Vazquez-Semadeni et al.) .
Discussion continues over the relative importance of turbulence and thermal pressure, magnetic dynamical effects, low-mass and high-mass stellar feedback onto the collapsing gas, binary star systems and N-body interactions in the denser cluster cores (Krumholz et al. 2019) . Turbulence may play a more limited role than originally thought. But the basic scenario of slow, hierarchical cluster formation via merging filaments seems well-established from an astrophysical perspective, in contrast to older models involving rapid monolithic cluster formation (Elmegreen 2000) or a global exponential burst of star formation (Palla & Stahler 2000) .
However, there is little direct empirical evidence that demonstrates that rich clusters (containing thousands of stars) form with molecular filaments. The ONC is an example of not-infrequent indirect associations of an older rich clusters with an origin in filaments. The link is indirect because the molecular material giving rise to the ONC has been destroyed by the giant H II region. First, many sparse groups of protostars are forming today in the contemporary Orion molecular filament (Megeath et al. 2012 ), although we do not know whether they will consolidate into a rich cluster. Second, the ONC has an elliptical morphology elongated long the filament axis. Third, stars projected against the OMC-1 filament show radial velocities similar to that of the OMC-1 gas; this star-cloud velocity agreement is evident despite a strong velocity gradient along the filament .
IRAS 09002-4732 is a rare case where a nascent rich star cluster, possessing a massive O star and thousands of PMS stars, is embedded in a molecular filament. Apai et al. (2005) analyze the three-dimensional environment and conclude that the cluster lies between dense cores; that is, the cluster is truly embedded and not just obscured behind a screen of cloud material. The H II region of the dominant O7 star is in the ultracompact stage suggesting that the star is very recently formed, perhaps in the past 10 4 years. While the average age of the cluster stars is ≤ 0.8 Myr ( §4.3), an age gradient is quite possibly present (Getman et al. 2018a ) and the central core may be actively forming stars today. The surrounding natal molecular environment is in process of being heated and ejected, and the cluster core is so dense ( §5.1) that high-velocity N-body interactions (or even stellar collisions) should be occurring. This recent and rapidly evolving activity takes place within a molecular filament several parsecs in extent that exhibits mild, distributed star formation outside of the central cluster.
Initial Mass Function of IRAS 09002-4732
Finally, we note that the IRAS 09002-4732 cluster may have an anomalous Initial Mass Function (IMF) in the sense that it is deficient in massive stars. If it truly has a stellar population 2 − 3 times that of the ONC, which itself may lack a full complement of O stars, then it is expected to have more massive stars. A standard IMF with a Salpeter power law tail is expected to have 20 stars above M = 10 M and 2 − 3 stars above M = 30 M for a population around 5000 − 8000 stars ( §4.4) above the stellar limit (Kroupa 2001) . We would thus expect to see a collection of small H II regions in the cluster core rather than just one around Source D.
If this deficiency of massive stars is real, two explanations are plausible. First, the stars may have formed but are now ejected by dynamical interactions with other massive stars. Rapid dynamical decay has been calculated to be responsible for the deficit of massive stars in the ONC core (Pflamm-Altenburg & Kroupa 2006; Allen et al. 2017 ) which we estimate is less dense than the core of IRAS 09002-4732 (Table 5 ). This hypothesis can be empirically tested by a search for stars recently ejected from the cluster core in the Gaia proper motion database. Second, it is possible that massive stars other than Source D have not yet formed. There is evidence for delayed O star formation in the ONC (O'Dell et al. 2009 ), W3 Main (Tieftrunk et al. 1997; Feigelson, & Townsley 2008; Bik et al. 2014) , and M 17 SW ). This picture is consistent with the global hierarchical gravitational collapse by Vázquez-Semadeni et al. (2019) who explain late massive star formation in the central potential well and later destruction of filamentary gas feeding by OB stellar feedback.
CONCLUSIONS
We obtain a new census of PMS stars for the IRAS 09002-4732 star forming region from a deep observation with the Chandra X-ray Observatory. In concert with existing optical and infrared catalogs, 386 probable members with sub-arcsecond positions are identified (Table 3) , both within the central cluster and in the surrounded cloud. These are supplemented by 55 non-X-ray infraredexcess stars (Table 4 ). The sample selection, following procedures from our MYStIX and SFiNCs surveys, has low contamination by Galactic field stars or quasars. Measures of magnetic activity (log L x obtained from X-ray photometry), absorption (log N H and A V from X-ray median energy), age (Age JX from X-ray and near-infrared photometry, and optical ages from an r − i color-magnitude diagram), and disk presence (from near-and mid-infrared photometry) are calculated for the 441 individual stars.
From this information, collective properties of the cluster and star forming environment are inferred:
1. The stars have a distinctive bipartite spatial structure. Most members reside in a compact, elliptical rich cluster with core radius 0.1 pc centered 0.15 pc north of Source D, the O7 star that dominates the light from the cluster. A minority reside in a loose, highly elongated (eccentricity ∼ 90%) distribution oriented northwest-southeast around the cluster. This coincides with a molecular filament several parsecs long that connects to the nearby, and larger, molecular cloud hosting the rich RCW 38 young star cluster. ( §3.3, 3.4) 2. The distance to the member stellar population is approximately 1.7 kpc, evaluated from Gaia parallax measurements. This is consistent with most previous distance estimates. ( §4.1) 3. The stellar population is heavily absorbed with median absorption A V 13 mag. The extinction increases sharply to A V 50 mag at the cluster center. ( §4.2) 4. The average age of the member population, both from X-ray/infrared photometry (Age JX ) and from an r−i color-magnitude diagram, is ≤ 0.8 Myr calibrated to the evolutionary tracks of Siess et al. (2000) . But the filament-associated elongated population is younger, as it is identified 8. The Initial Mass Function of the cluster appears to be deficient in massive stars. Either OB stars similar to Source D have not yet formed, or have been dynamically ejected by N-body interactions in the dense core. ( §5.3)
We conclude that IRAS 09002-4732 is a rare case where a rich (thousands of stars) cluster is forming today in a molecular filament. More commonly, either the cluster is sparse (dozens of stars) or the rich cluster has already destroyed its natal molecular environment. The stellar spatial distribution, individual properties (ages, extinction) and collective properties (population, IMF, cluster structure) directly support contemporary numerical calculations of cluster formation in clouds that involve the hierarchical formation and merging of groups in molecular filaments such as those described by Vázquez-Semadeni et al. (2019) and Krumholz et al. (2019) .
The IRAS 09002-4732 cluster, particularly the core with radius 1.5 centered at (α, δ) = (135.47435 • , −47.72820 • ), thus warrants future study as an important laboratory for the study of cluster formation in molecular filaments. The most crucial needed observations are high quality molecular maps obtained with the ASTE and ALMA telescopes that might show gravitational infall of gas, either along or perpendicular to the filament axis. In the immediate proximity of the cluster, combinations of gas infall to fuel star formation and gas outflow in response to stellar feedback may be occurring. The complicated gas kinematics that may be present could benefit from study with advanced instruments like the optical band MUSE integral field spectrograph on the Very Large Telescope, or the NIRSpec spectro-imager on board the James Webb Space Telescope. For the stellar population, the Gaia catalog can be searched for high-velocity stars ejected from the core, and infrared multi-object spectroscopy of cluster members can elucidate its dynamical state. Deeper Chandra observations would identify a larger fraction of the PMS stellar population both in the cluster and the surrounding filamentary cloud. We also recommend further study of the gas and stellar content of W3 Main, another rare case of an embedded rich star cluster where the diversity of H II regions points to continuing star formation in the cluster core (Feigelson, & Townsley 2008) .
APPENDIX
A. CORE OF IRAS 09002-4732
While it had long been established that IRAS 09002-4732 was dominated by an O7 star with high luminosity, L 1 × 10 5 M (Lenzen 1991), high-resolution infrared imaging with ESO's Very Large Telescope demonstrates that the core has a dense concentration of OB stars (Apai et al. 2005 ) that is surrounded by a cluster of lower mass PMS stars. Our Chandra ACIS images have similar resolution and detect a considerable sample of cluster members. This provides a motivation to compare the Chandra and VLT images.
The dominant star in the cluster is located at 09 h 01 m 54.45 s − 47 • 44 11.0 (J2000) with designations IRAS 09002-4732, IRS8 (Lenzen 1991) , S13 (Ghosh et al. 2000) , Source D (Apai et al. 2005) , and 2MASS J090154447-4744112. We will call this 'Source D' following (Apai et al. 2005) , noting that SIMBAD database does not make all of these associations. The 2MASS star is bright in the 2 µm band with K = 11.4 but is heavily reddened with J − K > 5.5 (A V > 11 mag). With flux density ∼ 15,000 Jy at 100 µm, it is one of the most luminous infrared sources of the Vela molecular clouds. For comparison, the infrared-brightest protostar in the nearby molecular filament is sequence #386 associated with MCP RCW38 69 = 2MASS J09020115-4744563 = MSX6C G268.4452-00.8442 = [MHL2007] G268.4452-00.8442 1 (Romine et al. 2016) . At 10.4 µm, the dominant cluster star has flux density 38.3 Jy while the brightest protostar has 0.27 Jy (Mottram et al. 2007) . Figure 10 illustrates the complicated relationship between the X-ray and infrared samples in two small portions of the IRAS 09002-4732 cluster: a 20 region around Source D with its radio ultracompact H II region (top panels); and a 20 region of lower obscuration between the dust filaments S2 and S3 discussed by Apai et al. (2005, bottom panels) . Even with a 100 ks exposure, the Chandra image is photon-limited; sources with 5 photons are confidently detected, while those with ∼ 2 − 4 photons are possible sources. We also recall that the Chandra exposure map shows small-scale variations in exposure times due to satellite dithering motions of the CCD chip gaps.
Source D is not detected in the X-ray band. The nearest sources are Seq #190 (090154.33-474410.3, log L x 31.9 erg s −1 ) and #202 (090154.63-474411.1, log L x 31.2 erg s −1 ) that lie 1.5 NW and 1.9 E of the infrared position of Source D, respectively (Tables 2-3 ). These offsets are too large to be attributed to X-ray positional uncertainties (< 0.2 ) or X-ray/infrared coordinate frame offsets (< 0.1 ). There is precedence in the Orion region for the X-ray detection of PMS secondary companions but a failure to detect the massive primary. These include the Becklin-Neugebauer Object, where two X-ray stars are detected within a few hundred AU of the luminous high-velocity massive star (Grosso et al. 2005) , and θ 1 Ori B where the B2.5 primary θ 1 Ori B East would be undetected in IRAS 09002-4732 (log L x = 30.1 erg s −1 with soft X-ray spectrum that can not penetrate high extinction) but the flaring hard X-ray emission produced by binary low-mass companions θ 1 Ori B West would be detected (log L x = 31.5 erg s −1 , Stelzer et al. 2005) .
Both the infrared and X-ray images show several stars within 10 of Source D, but the correspondence is not simple. Infrared stars F and G appear as very faint X-ray sources, as well as an anonymous star 3 west of Source D. The more prominent infrared stars A, B, C and E are not seen in X-rays. The Chandra image shows barely-resolved stars 1 − 2 east and north of Source D that are not evident in the available infrared images. Fig. 12 . The morphology of the UC H II region G268.45-0.85 (N11.9) and 12.9 µm (N12.9) images. The overlaid contours a objects of particular interest are marked with letters from Ad(L) 0.45 = 590 AU, d(4.07 µm) 0.6 = 780 AU, d(M) Table 3 . Summary of the observed fluxes of objects in the vicini than one band are given; for the nomenclature, see Fig. 12 . Due and therefore no fluxes in this band are provided here. At wav object G is omitted in this table because the object lacks definab list of measurements. The S2 − S3 region shown in Figure 10 (bottom panels) also shows both similarities and differences in the two bands. As with Source D above, lower mass members of the region are seen in X-rays while the most luminous infrared member is not detected. The X-ray image shows ∼ 9 faint Xray sources in a chain extending ∼15 from northeast to southwest. Most of these have discernible counterparts in the VLT infrared image. The brightest X-ray source to the southeast lies embedded in or behind a dark dust lane and is thus missing an infrared counterpart. This source is sequence #227 (090155.50-474355.7) with 46 net counts, absorption-corrected log L x 31.6 erg s −1 , and median energy absorption M E 3.9 keV corresponding to log N H 9 × 10 22 cm −2 and A V 45 mag. This star lies near the top of the X-ray luminosity function (Figure 9) . B. AGE OF RCW 38 Getman et al. (2014) reported that RCW 38, W 40, and Flame Nebula are the youngest MYStIX star forming regions with average ages of Age JX ≤ 1 Myr (see their Figure 1 ), but Kuhn et al. (2015a) incorrectly reported an older age similar to most MYStIX clusters. At that time, only 21 MYStIX young stars in RCW 38 had available Age JX estimates and, due to such a poor sampling, RCW 38 was omitted from further detailed age analyses of Getman et al.
We can now clarify this situation by combining the archive ∼ 100 ks Chandra exposure of RCW 38 (obsid 2556) used in MYStIX with our new unpublished Chandra RCW 38 observations (obsids 16657, 17554, and 17681) with similar total exposure. Together, these observations yield a larger Age JX sample of 37 young stars with > 7 − 10 X-ray net counts. Since the near-IR photometry is prone to the effects of high absorption and diffuse nebular emission in the cluster core, all but one of the Age JX stars are located in the halo of the RCW 38 cluster. We thus are unable to evaluate whether a spatial age gradient is present (Getman et al. 2018a ). The resulting stellar age estimates are listed in Table 6 and a histogram of the ages is presented in Figure 11 . The median age for these 37 stars is 0.9 ± 0.1 Myr, and it is likely that the stars in the core are even younger. We conclude that the cluster RCW 38 has an age close to that of the IRAS 09002-4732 cluster, and both are unusually young among rich clusters in star forming regions in the nearby Galactic Plane. Note-Column 1: IAU designation. Column 2: X-ray net counts. Column 3: Age JX estimates.
